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Future Concepts and Transformation Division (AF/A8XC) hosted a Natural Impact Event 
Interagency Planning Exercise, 4 Dec 2008, in Alexandria, Virginia.  Twenty Seven Subject Matter 
Experts from across US Government, including DOD, DOE, DOS, DHS, NASA, and NSC 
participated in a single day tabletop exercise to explore ñwhole of governmentò response to an 
impending asteroid strike. 

The specific scenario involved a mythical asteroid, ñ2008 Innoculatus.ò  It was a binary asteroid 
consisting of a 270m rocky rubble pile projected to strike the Gulf of Guinea and a 50m metallic 
companion asteroid projected to strike in the National Capital Region (NCR).  The scenario was 
selected to maximize exposure to the diversity of threat (variation in size, composition, land/water 
strike), stress both national and international notification, and provide useful pre-planning should an 
actual effort need to be mounted against the asteroid Apophis when it has a small probability to 
pass through a gravitational keyhole in 2029 and perhaps return to strike the Earth seven years 
later in 2036. 

Players were broken into two teams.  The first team focused on disaster response and was told the 
asteroid was discovered 72 hrs from impact.  The second team focused on deflection/mitigation 
was told the asteroid had been discovered seven years from impact, and to design a ñstrawmanò 
deflection plan using existing capabilities. 

The major insights are summarized below (for an expanded discussion, see section 6): 

1.1 The NEO impact scenario is not captured in existing plans 

While a number of useful analogs exist, as well as procedures that could be used or adapted, at the 
present time they have not been so adapted, and attempts to do so in the moment are likely to be 
much less successful than advance preparation.   
 

1.2 The NEO impact scenario should be elevated to higher level exercises with 
more senior players 

Players suggested that the scenario was mature enough, interesting and compelling enough for 
elevation to higher levels of visibility and increased levels of detailed examination.  Players 
suggested that National Planning Scenarios need to include a NEO impact as one of the scenarios.  
Players recommended incorporation of a NEO impact scenario into a number of formal planning 
exercises.   

1.3 Proper planning and response to a NEO emergency requires delineation of 
organizational responsibilities including lead agency & notification standards. 

Players consistently remarked that the complexities and overlapping nature of this contingency 
required advance delineation of responsibilities, formalization of the notification process, and 
clarification of authorities and chains of command, including authorities for delegation and 
supported/supporting relationships.  Players thought it was important to think through and 
document this prior to any actual NEO emergency. 
 

EXECUTIVE SUMMARY 
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1.4 Players were not able to achieve consensus on which agency should lead the 
NEO deflection/mitigation effort 

No obvious consensus emerged on which agency should have lead for a deflection effort.  
Expertise is widely distributed across US government agencies.  Players held widely divergent 
views in terms of organizational equities whose resolution will require a policy decision at a higher 
level.  In the absence of policy guidance, players felt an actual deflection attempt would likely mirror 
the Manhattan Project 
 

1.5 There is a deficit in software tools to support senior decision-making and 
strategic communication for disaster response & mitigation for a NEO 
scenario. 

None of our command centers to support decision makers have the necessary tools to make quick 
assessments.  Players expressed a need for a ñNational Decision Support Systemò for natural 
impact scenarios and events.  Such a system would need to tighten up the federated nature of 
impact prediction and impact effects prediction, integrating models for impact location and 
uncertainty prediction, kinetic effects prediction, plume, and tsunami effects, and feed evacuation 
planning models  
 

1.6 There are significant effects a NEO impact would generate that are not 
adequately captured in existing models. 

Players highlighted the fact that current models inadequately address several effects likely to 
significantly affect accurate damage / effect estimates.  These include the effect of blast plumes on 
Low Earth Orbit (LEO) satellites, electromagnetic effects that could affect electrical power 
infrastructure, seismic effects, effect of terrain on blast dissipation and focusing, coupling of air-
blast to tsunami response, and atmospheric distribution/dispersion of hazardous materials. 
 

1.7 The public may be aware of an impending NEO impact before senior decision-
makers. 

The NEO detection community conducts its work openly using Internet communications and Web-
based datasets, so it is very likely that information on a new discovery of high interest will be 
available to the public before NASA can complete adequate verification and validation of potential 
impact and provide a news release, or even speed notification to the POTUS and appropriate 
agencies.   
 

1.8 Lead time for evacuation requires decisions be made before best information 
is available 

States and local authorities require a certain lead time in order to plan and implement evacuation, 
and the error ellipse under current capabilities is not likely to adequately constrain the possibilities 
to allow effective decisions.   
 

1.9  Public safety and tranquility require that the federal government be able to 
rapidly establish a single authoritative voice & tools to present critical 
information 

Given the concern of what the public might know before it even gets to leadership, there needs to 
be a plan to put forward a single authoritative voice backed up with tools that clearly present 
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information to support state and local authorities and reduce the chance of panic and counter-
productive movement.   
 

1.10  The preferred approach for short-notice NEO deflection was stand-off nuclear  

In this scenario, given the short lead time (less than a decade), players chose to go with a solution 
they felt was low mass, provided high energy density for deflection, leveraged existing national 
capabilities, and had comparatively high technological readiness level (TRL).  Some players 
suggested a Memorandum of Understanding (MOU) between NASA, DOE and DOS may be 
necessary to preserve the required capabilities and infrastructure to execute the nuclear option. 
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PREFACE 

Audience: This document is written to be useful to two primary audiences.  First, the participants, 
so that they have a useful record of the event in which they participated, and second, those who are 
working to advance the general state of disaster preparedness for the contingency of a Natural 
Earth Impactor (Asteroid or Comet), particularly those who may design subsequent exercises.  Few 
individuals have the time to independently research and assemble the information and expertise to 
recreate such an event.  With this in mind, I have chosen to err on the side of too much information, 
rather than too little, and provide everything an individual or agency should need to reconstruct a 
similar scenario. 
 
Disclaimer: This report summarizes player opinions in the context of a single wargame; it does not 
represent the opinion or position of AF/A8XC, the Air Force, DoD, or any participating agency. 
 
Apologies for Errors:  As the official rapporteur for this event and author of this report, I have 
endeavored to accurately capture what transpired at the event.  No doubt I have unintentionally 
introduced some inaccuracies, perhaps even some as egregious as getting a personôs name or title 
wrong, and for that I apologize.  I also would have liked for this to be a formal, academic-quality 
report, but due to time constraints and a desire to get it out to the participants in a timely manner, 
this is not to be, so I hope many may find it useful and will not judge it too harshly. 
 
Acknowledgements: I wish to acknowledge and thank those individuals who significantly 
contributed to this event.  First, I would like to thank the players and participants who voluntarily 
gave up their time to tackle such an unusual topic, and their supervisors and organizations who 
made their outstanding expertise available.  In particular, I would like to thank Brig Gen Smith from 
NSC, and Mr. Gil Siegert from OSD Policy who played the POTUS, and added so much to the 
event.  I would also like to thank Col Mark Bucknam who was helpful in the construction of the 
scenario, and provided many of the players.  The players from Joint Staff and Checkmate were also 
surprise MVPôs who filled in valuable expertise when others could not make it.  I would like to thank 
those who helped with the modeling and simulation support for this event, including Don Yeomans 
at NASA JPL, Jay Melosh at University of Arizona, Mark Boslough at Sandia, and Steve Ward at 
UC Santa Cruz.  I also owe a debt to those who have advanced the topic generally, including Dr. 
Simon ñPeteò Worden, Brig Gen, USAF (ret), the team who put together the AIAA Planetary 
Defense Conferences, especially Bill Ailor, and Dr. Bong Wie, who took the major step of creating 
the first academic research center and hosting the pre-cursor Deflection workshop which 
crystallized the problem of Command & Control.  It is also appropriate for me to thank my own 
superiors, who gave me the freedom to explore this topic, and the foresight and courage to be the 
first to host such an event, even when it is unclear which organization ñought to.ò  I am proud of my 
service for taking this leadership role.  Lastly, I would also like to extend particular thanks to Mr. 
Lindley Johnson of NASA Headquarters, who has worked tirelessly since the 1994 Air Force 
SpaceCast 2020 paper to see this problem properly addressed, and without which this workshop 
would not have happened. 
 
Respectfully, 
 
 
 
 
PETER A. GARRETSON, Lt Col, USAF 
Chief, Future Science and Technology Exploration 
HQ USAF 
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2 INTRODUCTION 

2.1 Confronting the Challenges of the Future 

Air Force Future Concepts (AF/A8XC), or ñAF DeepLookò is the Air Forceôs internal long-range think 
tank, charged with looking beyond the current Fiscal Year Defense Plan (FYDP).  A8XCôs stated 
mission is to: 
 

 ñExplore, develop, advocate and link future concepts, capabilities, promising technologies 

and their program funding to continue transforming the Air Force into a more effective 
fighting force.ò  

 
A8XC fulfills this charge to explore, develop, and link future concepts through a constant 
environmental scan and search of the horizon for relevant threats, opportunities, and constraints 
that may shape, advance or constrain Air, Space and Cyber Power.  A8XC provides compensatory 
analysis, and looks particularly for those aspects of the future that are not yet properly or fully 
considered in Air Force or national planning assumptions, such as the culmination of current trends 
or the exploration of foreseeable surprises that could create organizational shock.  A8XC then hosts 
events that create the time and space for the Air Force to confront these challenges of the future, 
however uncomfortable.  Such events help inoculate the Air Force against potential future shocks, 
allow it to safely red-team and challenge current assumptions.  By creating occasions where the AF 
can confront challenges to its existing assumptions and planning for the future and then ñback-
casting to the present,ò it helps ensure viability and adaptability, and builds lead-time for AF and 
national leadership to change its plan and create organizational coping mechanisms. 
 

2.2 Futures Game & Title X Wargaming 

A primary responsibility of A8XC is the execution of CSAFôs Title X responsibility to conduct the Air 
Force Futures Wargame (FG) series.  Per AFI 10-2305 (ñWargamingò), the purpose of Title 10 war 
games is to: 
 

- Explore new concepts and capabilities 
- Study/refine emerging operational concepts 
- Prevent technical/strategic/operational surprise 
- Evaluate strategic plan/vision ï assess alternatives 
- Use plausible scenarios to improve understanding of future challenges and potential 

responses 
- Guide follow-on studies, analyses, mod/sim to address key insights, questions, and issues  
- Outputs may also impact Experimentation, Concept Development, Concepts of Operation 

 
FG is the official AF game associated with long-term future concepts and future force structure 
constructs.  It is used to explore alternative futures and force structure to support strategic planning 
inputs. (AFPD 90-11)  It is a tool to test new ideas and make sure the AF is on the right vector to 
address the future environment, in order to understand what forces the AF should possess 25 years 
into the future, ñbackcasting from the futureò rather than forecasting from the present.  Toward this 
end, an additional purpose of Futures Game established by Gen Fogleman was to generate debate 
on uncomfortable and threatening issues. 

This event was one of several seminar events held in support of AF Futures Game 2009 (FGô09) to 
confront known deficits in interagency cooperation and deliberate planning.   
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2.3 Why a Natural Impact Event? 

 
Slide Depicting the New Challenge Space from QDRô04 

 

2.4 Roots in QDRô04 ñCatastrophicò Rebalancing: Looking for Disruptive Shocks 

The selection of this particular topic has its roots in QDRô04, which directed the services to 
rebalance their portfolios by accepting greater risk in traditional warfare to better address emerging 
irregular, disruptive and catastrophic threats.  A8XC subsequently conducted an extensive review 
of foreseeable threats to national security, high consequence, disruptive shocks, and potential 
future roles and missions prior to selection of its scenario for Futures Game 2005. 
 

i 
Understanding the Risk of High Consequence Low Frequency Events 
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2.5 Unprepared and Uncomfortable 

One high consequence event for which it appeared the Air Force was not suitably prepared was the 
topic of a natural Earth-impact event, such as from a comet or asteroid, referred to in past AF 
literature as ñPlanetary Defense.ò 
 

 
 

2.6 A Strategic Deficit between Problem Identification and Action 

A8XC was confronted with this deficit from multiple sources.  Literature review of past AF future 
studies such as SpaceCast2020 and AF2025 both suggested an asteroid or comet strike could be 
an extreme threat to national security, and that Planetary Defense might become a future AF 
mission.  (Find both at: http://www.nss.org/resources/library/planetarydefense/index.htm) 
 
The topic of Planetary Defense had also been addressed both by congressional hearings as well 
the 2002 Presidential Commission on the Future of the United States Aerospace Industry, which 
stated: 

 
ñThe Commission believes that these studies should be broadened to 
include detection of asteroids. U.S. Strategic Command officials are also 
reviewing a concept for a clearinghouse that gathers and analyzes data on 
potential Earth impacts from asteroids. In addition, the National Security 
Space Architect is currently, as part of the Space Situational Awareness 
Architecture, integrating the use of space and ground-based surveillance 
systems. Given these actions, planetary defense should be assigned to 
DoD in cooperation with NASA. The Commission believes that the nation 
needs a joint civil and military initiative to develop a core space 
infrastructure that will address emerging national needs for military use 
and planetary defense.ò 
 

Very clear recommendations had also been provided in the 2004 AIAA Position paper and 2007 
Planetary Defense Conference white paper. 
 
It was clear, however, that despite this forethought, no action had been taken or was on-going to 
prepare in a meaningful manner.  The importance of the topic and the reality of its deficit were 
confirmed by a number of invited speakers hosted by A8XC, including Col Michael Kelly, AF 
CONOPS for Homeland Security (AF/XOX-HLS, later AF/A5XS-HLS), Mr. Lindley Johnson of 
NASA, Lt Col, USAF (Ret), Mr. Jim Oberg, and Dr. Simon ñPeteò Worden, Brig Gen, USAF (Ret). 
 
Ultimately, a man-made WMD event was selected for the FGô05 scenario, but Planetary Defense 
remained an active area of exploration, advocacy, and incubation within A8XC (see Appendix F), 
until its selection for a seminar event for Futures Game 2009.    

http://www.nss.org/resources/library/planetarydefense/index.htm
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2.7 Why Compelling in 2008? 

Several factors conspired to make Natural Impact / Planetary Defense a compelling topic for a 
Futures Game 2009 seminar.  First, in the intervening three years, A8XC had laid considerable 
groundwork for such an event, including the outlines of a scenario and identification of key players.  
Second, A8XC perceived a number of external events for which neither USAF, DOD, nor 
interagency policy were ready to address.  These included: 
 

- The presentation of draft international protocols to the United Nations Committee on the 
Peaceful Uses of Outer Space (COPUOS) by the international Association of Space 
Explorers (ASE)ii in February of 2009 

- The First International Planetary Defense Conferenceiii in April of 2009 
- A Congressional tasking (H.R. 6063) to the National Research Council to review and report 

to congress on current NEO efforts by Oct 2010 
- A Congressional tasking (H.R. 6063 which became the 2008 NASA Authorization Activ) to 

the Presidentôs Office of Science and Technology Policy (OSTP) to, by Oct 2010: 
o Develop a policy for notifying Federal agencies and relevant emergency response 

institutions of an impending near-Earth object threat, if near-term public safety is at 
risk; and 

o Recommend a Federal agency or agencies to be responsible forð 
Á (A) protecting the United States from a near-Earth object that is expected to 

collide with Earth; and 
Á (B) implementing a deflection campaign, in consultation with international 

bodies, should one be necessary. 
- Knowledge of preparation by various space advocacy groupsv to put forward this topic front 

and center to the new administration 
- The prognosis that within 10-15 years our detection capabilities are projected to improve so 

significantly that we will be aware of not one (Apophis), but 50-100 asteroids sizeable 
enough to penetrate the atmosphere and create WMD-like effects that are on close Earth 
approach trajectories within the next 100 years and warrant active monitoring or deflection. 

 
Operational Analysis in the 1995 AF2025 study, and the more recent 2008 Blue Horizons study 
also indicated that force structure for Planetary Defense scored surprisingly well in future force 
structure trades across a range of alternate futures suggesting a synergy with other national 
security missions.  A recent technical memorandum by AFRL (07-440, Cambier & Mead, 2007) also 
highlighted significant synergies with larger national goals and in-space propulsion.   
 
Lastly, in Aug of 2008 the Directorate of Air Force Strategic Planning (A8X) received a formal 
nomination to include Natural Impact Events in Air Force Strategic Planning activities from NASA 
HQ (see Appendix E). 
 

2.8 Scoping of Event and Filling the Need for Contingency Response Planning 

In scoping the needs for this particular event, A8XC considered what had already been 
accomplished in previous Planetary Defense Conferences, and recent events such as the Joint 
Space Team meeting on 29 Oct, and the 23-24 October event in DC hosted by the University of 
Iowa Asteroid Deflection Research Center (ADRC).  This event was co-sponsored by A8XC, and 
included representatives from AFRL, NASA, DTRA, NSF, DHS, and DIA, as well as members of the 
Congressionally-tasked National Research Council (NRC) to examine the current state of deflection 
technologies.  These events confirmed that the most significant deficit was in command and control 
(C2) that might be facilitated through an interagency response exercise.  This view was consistent 
with previous recommendations: 
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ñAn Open Letter to Congress on Near Earth Objectsò from a number of prominent astronauts, 
scientists, journalists, historians, and policy analysts, dated July 8, 2003: 
 

NEO Contingency and Response Planning: Initiate comprehensive contingency and 

response planning for deflecting any NEO found to pose a potential threat to Earth. In 

parallel, plan to meet the disaster relief needs created by an impending or actual NEO 

impact. U.S. government/private sector planning should invite international cooperation in 

addressing the problems of NEO detection, potential hazards and actual impacts. 

 
2007 Planetary Defense White Paper: 
 

Conduct an Impact Response Exerciseða well-scripted and well-designed tabletop exercise, 

driven by improved gaming, modeling and simulation resources to increase understanding of the 

evolution of an impact disaster and demands on response agencies and communication systems. For 

many natural disasters, agencies responsible for assisting those affected conduct simulations 

involving all segments of disaster response to identify issues and develop solutions. An unexpected 

NEO impact should be added to the set of disasters simulated. The disaster could be either from an 

ocean impact, where the effects could be experienced by a long expanse of coastline and possibly 

affect several or many nations, or from a land impact. The simulation would focus on effects of a 50- 

to 140-meter class NEO, a size that would likely impact without warning. Ideally, the exercise would 

involve all stakeholders that would be involved in a response, including local and national 

governments, military organizations, disaster responders, and members of the press. 

http://www.aero.org/conferences/planetarydefense/2007papers/WhitePaperFinal.pdf 
 

Such recommendations were clearly within the province and expertise of AF Wargaming, and 
neither the topic-specific expertise, nor the wargame-specific expertise was likely to reside in 
another organization.  A8XC was in a unique position to provide a contribution to fulfilling the intent 
of existing Executive and Congressional guidance to advance our state of preparedness for this 
threat and emerging mission. 
 
Because other organizations (OSTP, NRC) were examining the policy discussions through high-
level interagency formal processes, A8XC sought to examine how we would execute in the 
absence of those decisions, should a threat be presented today, and what potential AF 
contributions and required capabilities might be.   
 
A8XC therefore constructed an Action-Officer (AO) level game of actual executors (NASA Minor 
Planet Center, NASA JPL, National Military Command Center, Air Force Operational Group, 
Department of Homeland Security, and Department of State, Department of Energy Labs, and Air 
Force Research Labs, and executing Combatant Commands), to discuss potential responses for 
disaster response and mitigation. 
 
 
 
 
 
 
 
 
 
 

http://www.aero.org/conferences/planetarydefense/2007papers/WhitePaperFinal.pdf


  Natural Impact Interagency Deliberate Planning Exercise 

 3.3-7 

 

3 METHODOLOGY AND OBJECTIVES 

3.1 Methodology 

This event was a tabletop ñwargameò or exercise, not unlike a Major Accident Response Exercise 
(MARE), where various representatives from their respective agencies provided in-role responses 
to postulated events.   
 
Twenty Seven SMEs (see Appendix C) from across US Government attended.  A plausible near-
term scenario, based upon a known potentially hazardous asteroid (Apophis), and recent 
experience with 2008 TC3 was constructed and briefed to the players.  Players then acted in-role to 
fulfill NSC/POTUS intent to respond appropriately and provide options and identify current 
capabilities, expertise as well as known shortfalls.  Results are summarized in this document. 
 

3.2 Purpose 

Advance our state of preparedness with respect to the rare but extremely high consequence 
contingency of a natural Earth impact event and offer insight into Air Force equities, responsibilities, 
and actions in this context, including possible future technical capabilities and organization. 
 

3.3 Objectives 

The seminar had four objectives: 

 With Subject Matter Experts (SMEs), explore the capabilities and limits of our current 
capability for a relatively near-term threat to: 
Á Create a base-case ñstrawmanò template for follow-on planning and 

benchmark for comparison 
Á Understand gaps to guide long-range science and technology investment 

 Sensitize non-space agencies to: 
Á The nature and seriousness of the threat and: 
Á The kind of information they could ask for and receive 
Á The kind of options that are available 

 Identify shortfalls in current command and control and interagency collaboration / 
cooperation to: 
Á Understand AF component 
Á Lead creation of a template for actual response 
Á Provide quality insights as appropriate to support: 

 Congressionally-tasked National Research Council (NRC) 

 Office of Science and Technology Policy (OSTP) to comply with its 
Congressional tasking to assign a lead agency 

 Ensure USAF readiness comply with: 

 Executive Order 12655 (Emergency Preparedness) 

 NSPD 49 National Space Policy,  

 DOD Directive 3025.1 (Support to Civilian Authorities) 

 DOD Directive 5100.46 (Foreign Disaster Relief) 

 DOD Directive 5100.1 (Functions of the DoD and Its Major Components) 

 Readiness to accept lead agency should it come to the USAF or should 
USAF be tasked to supply forces or act in a supporting capacity 

 Provide data to allow an informed USAF position 
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4 THE SCENARIO SELECTION & EXERCISE DESIGN 

4.1 The Diversity of the Threat 

The Near Earth Asteroid threat is very diverse.  Asteroids vary in size (a few meters to many 
kilometers), composition (metallic, stony-metal, rubble-piles), and whether they are single or 
multiples (a primary object with small ñmoonsò - 16% of NEOs).  An asteroid strike can occur on 
land or strike in water, generating a large tsunami.  The location of the strike might strike 
domestically or abroad, and might affect just one or many nations.  A strike might happen with no 
warning, little warning, or years to decades of warning. 
 
This exercise, the first ever of its kind, sought to expose players to the full spectrum of possible 
situations.  It was deliberately constructed to maximize the participation of all players and generate 
discussion across the breadth of possible notification and interagency execution relationships. 
 
NOTE TO FUTURE SCENARIO PLANNERS:  This event was meant to be a top-level survey of 
broad-brush considerations.  Future scenario planners for follow-up events might make significant 
progress by examining a much more constrained scenario, perhaps focusing in depth on response 
domestically or internationally, or in-depth mitigation, attempting to generate a very complete straw-
man plan for a specific body. 
 
In order to examine both national and international, both water and land impacts, both rubble piles 
and dense metallic objects, both insufficient warning time for mitigation, and barely sufficient time 
for mitigation, a mythical binary asteroid, ñ2008 Innoculatusò was constructed. 
 

4.2 Scenario Considerations & Selection 

A8XC considered a scenario using a 1km or larger asteroid due to its extremely high 
consequences, but rejected it for the following reasons: 
 

- NASAôs Spaceguard efforts and capabilities have been very successful in cataloging a 
majority of the Potentially Hazardous Objects (PHOôs) larger than 1km, and so it is likely that 
such a threat would come with at least a decade of warning 

- Decades of warning allow significant technological development and a diversity of options 
that are extremely threat specific which do not necessarily provide insight into current issues 

- A8XC wanted to examine a threat that was barely within the capabilities of extant 
component systems to mitigate to get a sense of the upper limit of those capabilities 

- Smaller threats are much more numerous and strike with significantly greater frequency 
- Smaller threats are not currently well cataloged or consistently detectable with current 

capabilities and are more plausible to generate short-warning time and strategic surprise 
- Players first exposed to the problem may be able to more easily identify with objects and 

events for which there is readily available evidence or relevance (Barringer Crater, 
Tunguska, and Apophis)  

 
The specifics of the scenario selection were influenced by the following: 

- Tunguska Event anniversary:  2008 was the 100 year anniversary of the Tunguska event, 
and Tunguska class strikes (30-50m size objects) are thought to occur with frequencies on 
the order of a few hundred years. 

- Apophis: Widely publicized concerns over the asteroid Apophis, which will pass inside our 
geostationary satellite orbits in 2029 and might pass through a gravitational keyhole which 
might result in a strike in 2036 
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- 2008 TC3: Our recent experience with a short notice discovery and tracking of an asteroid 
that impacted over the Sudan on Oct 7, 2008, with less than 24 hrs notice. 

- 2008 BT18: A recent discovery of a binary NEO consisting of a 600m larger object and a 
200m smaller object which passed closest to the Earth (6x the distance to the Moon) on July 
14, 2008, which was only first discovered last January. 
 

Because the existence of binary asteroids is not well known, and because of the desire to examine 
both the specific case of a strike entirely within the US (NORTHCOM / FEMA responsibility), and 
abroad (Regional COCOM & State Dept responsibility), a binary object was selected. 
 
Because of the very real possibility that no significant action may be taken regarding Apophis till it 
passes the gravitational keyhole in 2029, the orbital period, characteristics, synodic period, and size 
mirroring the asteroid Apophis were selected in order to provide some real-world planning value, 
should a short-notice (7 year) mitigation effort need to be mounted. 

   

4.3 2008 Innoculatus 

The specific scenario constructed by A8XC postulated a mythical asteroid, ñ2008 Innoculatus.ò 
Innoculatus was a heterogeneous, binary asteroid with a synodic period similar to Apophis 
consisting of a large 270 meter ñrubble pileò destined to strike near Nigeria in the Gulf of Guinea, 
and a smaller, 50 meter metallic body, similar to that which created Barringer crater in Arizona, that 
would strike in the National Capital Region (NCR).   

 
NOTE TO FUTURE SCENARIO PLANNERS:  While a heterogeneous binary object met the 
objectives of this seminar to introduce both national and international aspects, future planners 
should be aware that a binary object would likely be more homogeneous in composition (rubble & 
metal), would not strike so far apart (US & Africa), and would create significant complications and 
opportunities for deflection. 



  Natural Impact Interagency Deliberate Planning Exercise 

 4.5-10 

 

4.4 Modeling and Simulation Support 

A8XC worked with NASA HQ, Mr. Lindley Johnson, the Minor Planet Center (MPC), and Mr. Don 
Yeomans at NASA JPL to construct scenario specifics, and timeline of information. 
 
A8XC and NASA also engaged various experts to help players visualize and understand the scale 
of the threat: 

- Jay Melosh at the University of Arizona Lunar and Planetary Laboratory for cratering effects 
(example at: http://www.lpl.arizona.edu/impacteffects/) 

- Mr. Mark Boslough of Sandia National Laboratories (SNL), for Airburst Simulations 
(example of at: http://www.sandia.gov/news/resources/releases/2007/asteroid.html) 

- Dr. Steven Ward of University of California at Santa Cruz for Tsunami simulations, (example 
at: http://es.ucsc.edu/~ward/) 
 

NOTE TO FUTURE SCENARIO PLANNERS:  While these products added significantly to our 
exercise, it is important to note that none are currently part of US disaster response infrastructure, 
and might not be immediately available to real decision makers.  Some players also felt that in a 
single day seminar, the large amount of technical details left too little time to actually ñwork the 
problem.ò 
 

4.5 Participant/Player Layout and Team Construction 

 

 
Player/Participant Room Layout for Exercise 

 
A8XC solicited and put together two teams of AOs likely to be involved in the nuts & bolts of an 
actual response to play their respective agencies.  Interested parties from OSD Policy Planning, 
OSD Strategic/Space Policy, OSD Homeland Defense, Joint Staff J5, and Air Force Checkmate 
also attended, and filled in as supporting players.   
 
Given the obscurity of the scenario, attendance was exceptionally good (~25).  Every seat in the 
room was filled with Joint Staff, OSD, and 3 services (AF, Navy, USCG), 5 civilian agencies (NASA, 
DOE, State, DHS, NSC), 3 DOD agencies (NSSO, DTRA, MDA), and 3 Laboratories (Sandia, 
LLNL, AFRL). 
 
The event was held at the UNCLASSIFIED level, but was limited to government-only personnel and 
US Citizens.  International players (threatened nations in Gulf of Guinea, space-capable nations 

http://www.lpl.arizona.edu/impacteffects/
http://www.sandia.gov/news/resources/releases/2007/asteroid.html
http://es.ucsc.edu/~ward/
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(Russia, China, India, Japan), external interested organizations (B612, ASE, SFF, NSS, Planetary 
Society) and press were not represented. 
 
NOTE TO FUTURE SCENARIO PLANNERS: Future planners may wish to reconsider the above 
decisions regarding attendance: 
 

- Significant expertise in this area exists outside government, in industry, academia, and 
Government Support Organizations (for example Aerospace Corp, United Space Alliance, 
JHU/APL, Iowa State Asteroid Deflection Research Center). 

- The significant international component of some impact scenarios and ALL deflection 
scenarios suggests consideration of actual or simulated international components. 

- External interested organizations are highly knowledgeable, and likely to supply alternate 
and perhaps disruptive ñauthoritative voicesò in the media. 

- Press / Media might provide very useful considerations and may be pre-educated. 
 
NOTE TO FUTURE SCENARIO PLANNERS:  From player critiques, it was clear that the presence 
of high level individuals and their expertise, particularly Brig Gen Smith from NSC, and Mr. Gil 
Siegert from OSD Strategic Policy significantly added to the event.  A number of player critiques felt 
this exercise or one like it should be held at a higher level. 
 
Because we desired to examine both response and mitigation, but maximize the cross-talk and 
minimize confusion, the exercise was designed in such a manner as to split the players into two 
teams but keep a common scenario with the only difference being the available time to impact.  In 
both cases, we provided what we thought was the minimum warning time available though we 
opted to just use a single scenario, but alter the time till impact as a variable. 
 

4.6 Event Structure 

The event itself was held at the A8XC facility in the Hoffman Building on Eisenhower Avenue on 4 
December 2008.  The planned structure / timeline for the event was: 

 
0800 Informal networking over donuts 
0900 NASA Situation Brief & POTUS Tasking 
1000 Split into Teams: What would we do? 
1100 Initial Team Plan with POTUS and team requests for information (RFIs) 
1100-1200 Working Lunch 
1200-1215 Planetary Science Team Update 
1215-1600 Teams continue to work action plans 
1600 Team Outbrief Action Plans & Discussion 
1700 Collect surveys & Adjourn 
 

The actual event deviated slightly.  At NASA Request, A8XC opened the event with a background 
briefing.  The briefing was given ñin roleò as a background brief to the POTUS on the current state 
of deliberate planning for the eventuality of a natural impact, past recommendations, extant 
guidance, recent and upcoming national and international events.  NASAôs brief was also ñin roleò 
providing an initial situation brief to the POTUS and assembled heads of agencies, followed by a 
background on the Near Earth Object (NEO) program at NASA, followed by a ñcurrent situationò 
update.  Round-table introductions followed.  A significant period of discussion and questions 
followed in the ñJoint Session,ò which because of its value was allowed by the facilitators to run 
long. 
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Once the scenario was established, the teams were split between the Disaster Response & 
Notification Team, and Mitigation/Deflection Team for a working lunch. 
 

- The Disaster Response Team was asked to consider response to 2008 Innoculatus if it was 
discovered only 72 hrs to impact (I-72hrs). 

- The Mitigation/Deflection Team was asked to consider a response to 2008 Innoculatus if 
they had only one synodic period (7 years) 

 
The ñJoint Sessionò convened following lunch because of the need for some players to share their 
expertise (for example, Mark Boslough had information both for estimating blast effects and 
deflection, and there was a need for the Dept of State representative to be involved in discussions 
in both notification and deflection planning).  Mark Boslough gave an overview of lessons learned 
from his supercomputer modeling of airburst phenomena. 
 
Players then broke into their respective teams in separate rooms to discuss required actions.  
Results were then outbriefed at the end of the day.  Results of individual player feedback can be 
found in attached appendix B. 
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5 BACKGROUND ON THE NEO THREAT 

This section summarizes the real-world introductory information given to the players: 

5.1 Background Brief to Simulated-POTUS on Current State of Preparedness 

The image most people have of our inner solar system is of isolated planets separated by large 
volumes of quiet, empty peaceful space.  That image exists because our educational establishment 
has not caught up with current planetary science.  A8XC began the seminar by showing a NASA 
Marshall Space Fight Center (MSFC) simulation depicting the whizzing swarm of potentially 
hazardous objects weaving in and out of Earthôs orbital plane, and a quote from the current NASA 
administrator, Mike Griffin on the seriousness of the threat. 
 

 
Potentially Hazardous Objects (NASA MFSC AsteroidSim) 

 
Mister Chairman and members of the subcommittee, thank you for giving me this 
opportunity to comment on the greatest natural threat to the long-term survivability of 
mankind, an asteroid impact with the Earth. Throughout its history, the Earth has 
continuously been bombarded by objects ranging in size from dust particles to comets or 
asteroids greater than 10 km in diameter. Although the probability of the Earth being hit by a 
large object in this century is low, the effects of an impact are so catastrophic that it is 
essential to prepare a defense against such an occurrence.  

An overall Earth protection system must have three components. First, a search system is 
needed to identify any potential NEO impactors. Second, a series of detailed 
investigation missions are needed to understand the structure, composition, rotational 
state, and other physical properties of potential impactors. And finally, deflection 
technologies are needed to change the speed of a NEO to ensure that it will not impact 
Earth.  

It is estimated that a 30-year advance warning would be required to have a reasonable 
assurance of deflecting a NEO from a collision with Earth. Thus, if a future impactor were 
identified today, the time to explore the characteristics of the NEO, develop a deflection 
system, deliver it to the NEO, and apply the deflection early enough to prevent an 
impact, requires about a 3-decade lead time.-- Mike Griffin, 2005, Testimony to Congress 
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Detected Airburst (Bolide) Events between 2003 and 2005 

 

U.S. early warning satellites detected a flash that indicated an energy release comparable 
to the Hiroshima burst. We see about 30 such bursts per year, but this one was one of 
the largest we have ever seen. The event was caused by the impact of a small asteroid, 
probably about 5-10 meters in diameter, on the earth's atmosphere.   --Statement of 
Brigadier General Simon P. Worden, Vice Director of Operations, United States Space 
Command 

 

 
Near Earth Asteroid Discovery Statistics (neo.jpl.nasa.gov/stats/) 

 
At the time of writing, there were 761 NEOs (694 NEAs and 67 NECs) larger than 1 kilometer, and 
an additional 5,058 smaller bodies, for a total of 5,819 known NEOs (http://neo.jpl.nasa.gov/stats/).  
Of those, 1,012 are larger than 150m and classified as Potentially Hazardous Objects (PHOs). 

http://neo.jpl.nasa.gov/stats/
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[NOTE: For a more thorough understanding of the threat and mitigation, the National Space 
Society maintains an exceptional on-line library at:   
http://www.nss.org/settlement/asteroids/ and 
http://www.nss.org/resources/library/planetarydefense/index.htm ] 

 

The potential threat to national and international security posed by Near Earth Objects have been 
articulated in a number of forums going back at least as far as 1994 when both the American 
Institute of Aeronautics and Astronautics (AIAA) and the USAF (SpaceCast 2020) put out white 
papers (available at the National Space Societyôs (NSS) online planetary defense library: 
http://www.nss.org/resources/library/planetarydefense/index.htm).  This was recently reaffirmed by 
the Congress in the 2008 NASA Authorization Act (see entire act in Appendix G): 

Congress makes the following findings: 

(1) Near-Earth objects pose a serious and credible threat to humankind, as many scientists 
believe that a major asteroid or comet was responsible for the mass extinction of the 
majority of the Earth's species, including the dinosaurs, nearly 65,000,000 years ago. 

(2) Several such near-Earth objects have only been discovered within days of the objects' 
closest approach to Earth and recent discoveries of such large objects indicate that many 
large near-Earth objects remain undiscovered. 

(3) Asteroid and comet collisions rank as one of the most costly natural disasters that can 
occur. 

(4) The time needed to eliminate or mitigate the threat of a collision of a potentially 
hazardous near-Earth object with Earth is measured in decades. 

(5) Unlike earthquakes and hurricanes, asteroids and comets can provide adequate collision 
information, enabling the United States to include both asteroid-collision and comet-collision 
disaster recovery and disaster avoidance in its public-safety structure. 

(6) Basic information is needed for technical and policy decisionmaking for the United States 
to create a comprehensive program in order to be ready to eliminate and mitigate the 
serious and credible threats to humankind posed by potentially hazardous near-Earth 
asteroids and comets. 

(7) As a first step to eliminate and to mitigate the risk of such collisions, situation and 
decision analysis processes, as well as procedures and system resources, must be in place 
well before a collision threat becomes known. 

 

http://www.nss.org/settlement/asteroids/
http://www.nss.org/resources/library/planetarydefense/index.htm
http://www.nss.org/resources/library/planetarydefense/index.htm
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A8XC reviewed that the threat had been identified, and that our knowledge had advanced 
significantly, and that there was extant guidance in the form of an Executive Order 12656vi on 
Disaster Preparedness to have sufficient capabilities at all levels of government to meet essential 
defense and civilian needs during any national security emergency, including natural disasters,.  
The order acknowledges that effective preparedness requires identification of functions that would 
need to be performed during such an emergency, development of plans for performing those 
functions, and development of the capability to execute such plans.  It tasks each Federal 
department or agency to be prepared to respond adequately to ALL national security emergencies, 
and to consider national security emergency preparedness factors in the conduct of regular 
functions.  It further directs that functions that are shared by more than one agency shall be 
coordinated by the agency having primary responsibility and supported by the heads of other 
departments having related responsibilities.  It further directs each department to support 
interagency coordination to improve preparedness and response and to maintain decentralized 
capabilities where feasible and appropriate.    

An open letter to Congress in 2003 by a number of high profile citizens, made a number of 
recommendations toward accomplishing this, including:  

3. NEO Contingency and Response Planning: Initiate comprehensive contingency and 

response planning for deflecting any NEO found to pose a potential threat to Earth. In 

parallel, plan to meet the disaster relief needs created by an impending or actual NEO 

impact. U.S. government/private sector planning should invite international cooperation in 

addressing the problems of NEO detection, potential hazards and actual impacts.
vii

 
 

Subsequently, the 2007 AIAA Planetary Defense Conference white paper also recommended a 
scripted tabletop scenario:viii 

2.3.1. Conduct an Impact Response Exerciseða well-scripted and well-designed 

tabletop exercise, driven by improved gaming, modeling and simulation resources to 

increase understanding of the evolution of an impact disaster and demands on response 

agencies and communication systems. For many natural disasters, agencies responsible for 

assisting those affected conduct simulations involving all segments of disaster response to 

identify issues and develop solutions. An unexpected NEO impact should be added to the set 

of disasters simulated. The disaster could be either from an ocean impact, where the effects 

could be experienced by a long expanse of coastline and possibly affect several or many 

nations, or from a land impact. The simulation would focus on effects of a 50- to 140-meter 

class NEO, a size that would likely impact without warning. Ideally, the exercise would 

involve all stakeholders that would be involved in a response, including local and national 

governments, military organizations, disaster responders, and members of the press. 
 

However, at present, no such effort had been undertaken, and the players have no existing 
processes to lean upon.  For this scenario, no contingency plans exist and the scenario has not 
been previously wargamed.  There were no requirements documents, no Memorandums of 
Understanding (MOUs), no Standard Operating Procedures (SOPs). 

Part of the problem is that Planetary Defense overlaps, or falls in the cracks of bureaucratic 
responsibility between so many disparate agencies none of which have a direct mandate for 
primary responsibility, but the coordination of which are required for a successful response, 
including: 
 

-  
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- DHS: Which has the mission to lead a unified national effort to secure America against 
threats and hazards to the nation. 

o FEMAix: Which has responsibilities to help, respond, recover, mitigate effects, 
reduce the risk of loss and prevent disasters from occurring. 

o Coast Guardx: Which has the responsibility and mechanisms to notify and protect 
the coasts, ports, and ensure the safety of maritime vessels. 

- DOD: Which is tasked to provide the military forces needed to deter war and to protect the 
security of our country. 

o NORTHCOMxi: USNORTHCOM anticipates and conducts Homeland Defense and 
Civil Support operations within the assigned area of responsibility to defend, protect, 
and secure the United States and its interests. 
Á NORAD: Responsible for the North American Air Defense mission 

o STRATCOMxii: Which exercises combatant command authority from the national 
command authority (NCA), maintains significant expertise regarding Weapons of 
Mass Destruction, maintains command over our nuclear forces, global missile 
defense, space situational awareness and space control.  Moreover, it commands, 
or is provided forces by: 
Á DTRAxiii: Which owns significant expertise in weapons effects relevant to 

blast-effect modeling and estimation of effects for deflection. 
Á MDAxiv: Which due to its mission to develop and field ballistic missile defense 

systems, has relevant expertise in high-speed collisions and seeker heads. 
Á AFSPCxv: Which provides Space Situational Awareness, Launch, and Space 

Control in support of Homeland Security and Defense 
- NASAxvi: Which runs the Near Earth Object Observation Program, has almost all 

interplanetary navigation expertise, deep-space communications, and significant launch 
facilities and capability 

- DOExvii: Which owns most nuclear and high-energy physics expertise, including nuclear 
device design 

o NNSAxviii: responsible for the management, security and transport of the nationôs 
nuclear weapons, and responds to nuclear and radiological emergencies in the 
United States and abroad 

- NSFxix: Which owns or funds terrestrial optical and radar telescope/astronomy facilities 
- NOAAxx: Which maintains expertise in oceanic sciences and mechanisms for tsunami 

warning, as well as environmental monitoring satellites 
 
This problem was recently recognized by Congress.  In the 2008 NASA Authorization Act, there is a 
tasking for the Presidentôs Office of Science and Technology Policy (OSTP) to take initial steps 
toward solving this problem by making a recommendation to Congress: 

Section 804 directs:  

Not later than 2 years after the date of enactment of this Act, the Director of OSTP 
shall-- 

(1) develop a policy for notifying Federal agencies and relevant emergency response 
institutions of an impending near-Earth object threat, if near term public safety is at 
stake; and 

(2) recommend a Federal agency or agencies to be responsible for protecting the 
Nation from a near-Earth object that is anticipated to collide with Earth and 
implementing a deflection campaign, in consultation with international bodies, should 
one be required. 
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However, at the present, and for the purposes of this tabletop exercise, that guidance would not be 
available for two years, and so exercise participants must decide how best to execute in the 
absence of such guidance. 

 

 

For the benefit of players, A8XC reviewed some of the extant DoD equities, including the QDRô04 
tasking to rebalance its portfolio of capabilities to consider catastrophic challenges, and existing 
DoD responsibilities under DoD Directive 3025.1, Military Support to Civil Authorities for domestic 
situations, and DoD Directive 5100.46, on Foreign Disaster relief.  A8XC also noted the tasking 
from QDR to and the results of the 2002 Presidential Commission on the Future of the United 
States Aerospace Industry had recommended planetary defense should be assigned to DoD in 
cooperation with NASA, but that no action had been taken.   

The briefer then reviewed the assignment of responsibilities under the current National Space 
Policy, NSPD-49: 

Space activities have improved life in the United States and around the world, enhancing 
security, protecting lives and the environment, speeding information flow, serving as an 
engine for economic growth, and revolutionizing the way people view their place in the world 
and the cosmos.  

Increase and Strengthen Interagency Partnerships. The challenges of the 21st century 
require a focused and dedicated unity of effort. Interagency partnerships provide 
opportunities to jointly identify desired effects, capabilities, and strategies. Departments and 
agencies shall capitalize on opportunities for dynamic partnerships -- whether through 
collaboration, information sharing, alignment, or integration.  

To achieve the goals of this policy, the Secretary of Defense shall:  

Have responsibility for space situational awareness; in this capacity, the Secretary of 
Defense shall support the space situational awareness requirements for the Director of 
National Intelligence and conduct space situational awareness for: the United States 
Government; U.S. commercial space capabilities and services used for national and 
homeland security purposes; civil space capabilities and operations, particularly human 
space flight activities; and, as appropriate, commercial and foreign space entities;  

Maintain the capabilities to execute the space support, force enhancement, space control, 
and force application missions;  
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And the specifics functions specified for the hosting service under DoD Directive 5100.1: 

Functions of the Department of Defense and Its Major Components  

6.6.3.1. The Air Force, within the Department of the Air Force, includes aviation and space 
forces, both combat and service, not otherwise assigned. The Air Force is responsible 
for the preparation of the air and space forces necessary for the effective prosecution 
of war and military operations short of war, except as otherwise assigned and, according 
to integrated joint mobilization plans, for the expansion of the peacetime components of the 
Air Force to meet the needs of war. 

The briefer then turned to provide a brief overview of relevant activity (see section 1.7 above) in the 
national and international arenas to sensitize the players to importance of activities such as this 
exercise to ensure the US Government was adequately prepared.   

 

 

The opening briefer summarizing the gaps in preparedness already discussed above, as well as the 
current technical gaps in detection and mitigation. 

 

 

 

The opening briefer then concluded by mentioning that the technologies for successful mitigation 
had significant synergies with other national needs, and that polls in 2002 and 2005 indicated 
exceptionally high public support for planetary defense as a space goal.xxi 
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5.2 Near Earth Object Program Brief 

The players were then given an overview of the existing NASA NEO program, it history, current 
status and recent relevant events: 

 
 
Mr. Lindley Johnson, NASA HQ, Near Earth Object Observation (NEOO) Program Executive 
introduced the participants to the fact that while not widely known, over 160 impact craters have 
been identified on Earth and more are discovered all the time.  Earth has been hit every bit as often 
as the Moon, but because Earth is a living planet with large ocean areas, weather & hydrologic 
cycles, and moving tectonic plates, impact formations get eroded or covered up. 
 

 
 

The briefing opened with the example of Barringer Crater (Meteor Crater) in Winslow Arizona as a 
tangible example of the destructive power of even very small (50m) impactors.   
 
The Barringer impactor is estimated to have released 5 Megatons TNT-equivalent energy on 
impact, creating a 1.2 km wide crater, which would have instantly incinerated every living thing 
within a 10km diameter fireball, a blast pressure pulse killing or severely wounding large animals 
out to 24km, and producing hurricane force winds as far out as 40km. 
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Players were then introduced to the formal terminology of Near Earth Objects (NEOs) which include 
any small body passing within 1.3 Astronomical units (AU) of the Sun, that includes both Near Earth 
Asteroids (NEAs) and Near Earth Comets (NECs).  At the time, there were 5,032 known NEOs. 
 
A smaller subset of these, approximately 20% are considered Potentially Hazardous Objects 
(PHOs), currently defined as any small body with a potential of impacting the Earth at some point in 
the future.  At the time, there were 842 known NEOs with diameters > 1 km.  NASA briefed the 
current numbers of NEOs, PHOs, and the fact that an improved survey aimed to discover objects 
larger than 140m is likely to find 66,000 NEOs and 18,000 PHOs.  The following charts illustrate 
graphically how our understanding of our inner solar system and the presence of Near Earth 
Objects (NEOs) has changed since 1800. 

 
Known objects in Inner Solar System 1800, 1900, 1950 

    
Known objects in Inner Solar System 1990, 1999, 2006 
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The state of planetary science and knowledge of the threat has clearly evolved and illustrates one 
reason why our national preparedness infrastructure must also evolve. 
 

 
 

Then followed a discussion regarding the current estimates of impact frequencies and level of 
consequences.  This included a discussion of yield equivalents: high altitude bursts if < 50 meter 
diameter, < 5 megatons; 1908 Tunguska-sized, 50 meter diameter, 5 megatonsxxii, occurs about 
once per > 250 years; 140 meter diameter, 150 megatonsxxiii, occurs about once per 5,000 years; 
Apophis 270 meter diameter, 1 gigatonxxiv, 1 in 45,000 chance of impact on April 13 (Fri), 2039 in or 
off-shore of Costa Rica; and 5 other PHOs  with non-zero probabilities of impact in 50 years.     Mr. 
Johnson then discussed the only major known NEO event in modern human history.  The 1908 
impact Tunguska, Siberia was at the lower end of the NEO threat, perhaps only 30 meters, and did 
not even reach the ground, but created a large airburst, and released sufficient energy to devastate 
an area equal to the entire National Capital Region (NCR).  
 

 
 
Mr. Johnson then briefed the participants regarding the history and current status of the NEO 
Observation Program, which began with a congressional request in 1998 to discover 90% of NEOs 
larger than 1km within 10 years.  Those ten years have nearly expired and NASA will not quite 
reach this goal, but it is very close.  Congress has since requested NASA expand its observation 
program to discover 90% of Near Earth Objects larger than 140m within 15 years, but provided no 
additional funding.  He stressed that the current program has essentially reached the observation 
limits of the 1-meter telescopes which NASA has funding to operate; but that there are about 
100,000 NEOs with diameters of > 140 meters; and about 1,000,000 NEOs with diameters of > 50 
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meters.   Studies have shown a more optimal sensor for such a mission would be a ½ meter IR 
telescope in a Venus-like orbit. 
 
The NEOO program at its peak (2005) consisted of nine telescopes operated by five search teams 
(Spacewatch, NEAT, LONEOS, LINEAR, and Catalina Sky Survey), the Minor Planet Center 
(MPC), and NEO Program Office at NASA JPL. 
 

 
 
Mr. Johnson reviewed the discovery rate matrix, explaining that the discovery rate of large NEOs is 
tapering off and that the smaller telescopes are now less able to make meaningful contributions, 
particularly to the smaller, dimmer objects as small as 140m.  Such objects require larger aperture 
telescopes with specific software to dwell on a particular part of the sky and subtract out the stars. 
 

 
 
The above charts both show the success of the NEO program so far in approaching the expected 
population (of approximately 1000 large NEOs) as well as the large number of NEOs found once 
there was a program in place to look for them. 
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xxv 
 
The briefing then turned to discuss the predicted population of NEOs which closely follows a 
constant power law.  While the expected population of large NEOs is around 940 plus or minus 50, 
the population of NEOs 140m in size is expected to reach 66,000.  Unless an object comes close 
enough to be measured with RADAR, the size and mass of an object are estimated based upon its 
brightness by assuming an average reflectivity (or ñalbedoò). 

 
Of particular concern in the community recently is object 2004 MN4 ñApophisò which is a 270m 
sized asteroid.  Apophis will come inside the geostationary orbit belt in 2029.  It may pass through a 
gravitational keyhole at that time that could result in a strike on return to the Earth in 2036.  While 
Apophis receives the greatest amount of press (and Congressional interest), there are five other 
Potentially Hazardous Objects >100m in size that have threshold (greater than one in one million) 
potential for impact in the next 50 years. 
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Mr. Johnson then reviewed the procedures of the Spaceguard Survey Catalog Program.  It begins 
with the participating survey telescopes.  The telescopes are not coordinated or tasked; rather they 
compete for the highest statistics (number of discoveries).  The entire sky is not under constant 
surveillance.  Surveying is complicated by the fact that you cannot survey from the ground except at 
night, cannot survey with significant moonlight, and cannot survey on cloudy nights.  Coverage is 
further reduced by the limited field of view of the telescopes and the need to keep the telescope 
focused on a specific section of the sky long enough to capture enough signature of these very dim 
objects.  The end result is that an area equivalent to the full sky is only surveyed approximately 
every 90 days ï more than long enough for smaller objects to escape detection. 
 
NASA does have an existing contingency procedure (in the form of a draft contingency plan) to deal 
with a possible impact and internal and external notification: 
 

 New Object: As new objects are found by the survey systems (today these are all ground-
based telescopes), they are passed to the Minor Planet Center (MPC).  

o Today such an object is mostly likely to be found by the Catalina Sky Survey.   
o In a few years it may be Pan-STARRS 

 Possible PHO: The MPC does a rough initial orbit calculation to determine if it is a 
Potentially Hazardous Object (PHO).  If so, MPC issues an alert that there is a possible 
PHO of interest and issues circulars to generate additional observations.   

 Possible Close Approach: If MPCôs rough orbit determination suggests that an impact is 
possible, it issues an additional alert of a possible close approach to NASA HQ, and 
forwards the case to the NASA JPL SENTRY program for high accuracy orbit determination 
and circulars for follow-up observations by other systems.  

o While smaller telescopes and amateur astronomers are not able at this point to 
provide value in initial detection, once an objectôs position on the sky is known, they 
are often able to provide valuable follow-up observations. 

o Precision orbit determination and impact predictions are verified and validated by 
comparing results with a parallel trajectory prediction capability at the European 
NEO Dynamics Site (NEODyS). 

 Possible Impact & Probability:  If after precision orbit and follow-up observations do not 
eliminate a possible impact, NASA JPL sends an alert reporting a possible impact to NASA 
HQ and publishes the probability of impact and Torino Scale (consequence) evaluation. 



  Natural Impact Interagency Deliberate Planning Exercise 

 5.2-26 

 

NEO Observation Contingency Flowchart
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Notification Criteria: NASA also has guidelines for the release of information on Near Earth 
Objects.  The current policy requires a release of information if a discovery meets the following 
criteria: 

A. Discovery of any object with a predicted 1 percent or greater Earth impact probability 
whose entry into the Earthôs atmosphere would likely generate a release of energy that 
could affect: 

 Populated areas 

 Bodies of water or land features 

 Satellites, airliners and other forms of transportation  
B. Any object whose discovery and/or orbit prediction has generated inaccurate and 

potentially harmful media attention. 

 External Notification:  NASA policy mandates that the NASAôs Office of External Relations 
(OER) directly notifies the following agencies. 

o The National Security Council (NSC)/Director for Space Policy 
o The White House Office of Science and Technology Policy (OSTP)/Assistant 

Director for Space and Aeronautics 
o The National Military Command Center (NMCC)/ Duty Watch Officer 
o Joint Space Operations Center, Vandenberg Air Force Base/Duty Watch Officer 
o The U.S. Department of State/Deputy Assistant Secretary of State for Science, 

Bureau of Oceans and International Environmental and Scientific Affairs 
o The U.S. Department of Homeland Security/Operations Center Duty Watch 

Officer (if the event will impact, or occur over, the territory of the United States) 
o Office of Legislative and Intergovernmental Affairs and the Office of Public 

Affairs regarding the release of public information will follow the same procedures 
used to coordinate all news media products. OLIA will notify congressional staff, if 
appropriate, after consultation with the Chief of the Office of Strategic 
Communications 

 Media Notification:  The current NASA PAO policy specifies that release of NEO 
contingency information by any NASA entity to the news media is the responsibility of the 
Associate Administrator for Public Affairs, in accordance with NPG 8621.1.  Any 
contingency-related information or reports will be approved by the Associate Administrator 
or designee for the Science Mission Directorate (SMD) prior to public release.  The policy 
designates appropriate spokesmen and coordination of accurate information.   

o NOTE: ñThe NEO detection community conducts its work openly using Internet 
communications and Web-based datasets, so it is very likely that information on 
a new discovery of high interest will be available to the public before NASA 
can provide a news release.  Although it is important to expedite the news release 
process on a high interest object to the extent possible, it is of higher priority to be 
the definitive source for accurate information.ò 

 
This process was recently exercised during a real world event, when an object was discovered 
within 24 hrs of impact.  
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2008 TC3 was discovered by the Catalina Sky Survey approximately 20 hours prior to impact.  
(Note: this was a very dim, 2-5m sized object detected approximately 450,000kms from Earth!)  
Initial MPC orbit determination found object would impact within 24 hrs and alerted JPL program 
office and NASA HQ.  JPL SENTRY program predicted impact at 0245 on 7 Oct 2008 over 
Northern Sudan.  The community responded with 570 additional observations from 27 observers.  
An important point is that like 2008TC3, an object could be obscured from continuous observation 
by factors such as the shadow of the Earth (or brightness/washout from the Sun/Moon). 

 
NASA predictions turned out to be extremely accurate in time and location.  The object caused a 
1.2 kiloton fireball in the high altitude, and lit up the skies as bright as the full Moon, which was 
observed by an airliner, and detected in the infrared by the European METEOSAT. 
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Mr. Johnson showed the first pictures of the atmospheric trail left by the small meteor and 
discussed participant concerns of how such an event might be interpreted over areas under high 
tension, such as the Middle East or India/Pakistan. 
 
Mr. Johnson used the 2008 TC3 event to highlight a few important points: 

- This was a historic first: the first time that any impacting object had been discovered in 
advance and tracked to a predicted impact 

- There was initial uncertainty about the accuracy of predictions, but the predictions turned 
out to be extremely accurate, and validates the confidence in NASA models for the purpose 
of contingency planning 

- This was a chance event.  In another week the Catalina Survey would not have been 
surveying because of the brightness of the full Moon. 

 
A final topic of discussion was the role that Radar studies play in asteroid characterization and orbit 
determination.  Radar cannot typically assist in discovering new objects, but data from planetary 
radars (Arecibo in Puerto Rico owned by the National Science Foundation (NSF), and the NASA 
JPL Goldstone facility in the Mojave desert) can very precisely determine the orbit of the object and 
provide rough images of the size and shape of asteroids if they pass within their view at close 
enough range.  These planetary radar can observe and track objects out to 20 million miles and 
image them when within 5 million miles (20x the distance to the Moon). 
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6 INFORMATION PRESENTED TO PLAYERS 

Prior to the event, players were given very limited informationxxvi to mimic the actual state of 
knowledge of key officials in a real-world scenario, and allow the event to develop as information 
become available. 

6.1 Assembly and Background Briefs 

 
Player/Participant Room Layout for Exercise 

 
Participants assembled as if they were a high level task force assembled by the President for this 
specific purpose, in a meeting chaired by the POTUS.  All briefings and deliberations were given 
and received ñin-roleò starting with a background brief on the current state of preparedness and 
indeterminate organizational responsibility, followed by initial NASA Scenario brief and NEO 
background brief (see background section on real-world information). 
 

6.2 Initial Situation Information (Impact -60 hrs) 

The initial scenario brief from NASA to the players contained the following information: 
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Approximately 10 hours ago, an asteroid was discovered by the Catalina Sky survey which 
appeared to be a potential Earth impactor.  It appears the point of closest approach would be in 
approximately 72 hours.  Circulars (requests) were issued for additional observation.  It appears to 
be of significant size (~300 meters) and NASA SENTRY program confirmed significant possibility of 
impact, leading to a current assessment of ñ5ò on the Torino scale: ñClose encounter with significant 
threat of regional destructionò 
 

 
 

The orbital trajectory intercepts the Earth along a path that goes from the West Coast of the US 
across the CONUS through the Western African Gulf of Guinea.  US Government Agencies have 
been notified via NASA Office of External Relations (OER) (See background section for description 
of this process), and exercise players were now participants in a short-notice assembled task force. 
 
Players noted the following: 

- Most likely case is no warning: A given telescope can only survey 2-3 weeks out of the 
month due to Moon brightness.  It takes nearly 90 days to survey the entire sky and most 
objects of concern smaller than 1km are undiscovered.  While happenstance detections like 
2008 TC3 and the mythical asteroid in this scenario are possible, the most likely scenario at 
this time is an impact with no warning at all. 

o Better Sensing: NASA 2007 Analysis of Alternatives Study Report to Congress 
suggested that the ideal tool to speed discovery of remaining PHOs and retire the 
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risk of a strike with little or no warning would be a space-based ½ meter Infrared (IR) 
telescope in a Venus-like orbit  

- Single Points of Failure: Several key players in MPC, JPL, and NASA HQ represent single 
points of failure 

- Latency: 10 hours had already elapsed from discovery to notification 
o From notification to high precision orbit determination for 2008 TC3, the time from 

discovery to precision orbit calculation was approximately 8:30 minutes as reported 
in the media 

o MPC is not manned 24 hours. While mobile/pager, remote access capabilities do 
exist, realistic latencies could be as much as 14 hours 

- POTUS last to know: The science based NEO detection community conducts its work 
openly using Internet communications and Web-based datasets, so it is very likely that 
information on a new discovery of high interest will be available to the public before NASA 
can complete discovery and trajectory verification and validation and speed notification to 
the POTUS and appropriate agencies.  The POTUS will either know from NASA or from the 
media, but even if the POTUS hears first, the time delay before it is widely known in the 
media is likely to be exceptionally short. 

- Space Policy Coordinating Committee (SPCC):  The most likely initial group to take up 
such an emergency in real life would be a Space Policy Coordinating Committee, which 
could be convened in the White House situation room in 45 minutes.  SPCC is interagency; 
NSC has lead, though it may delegate lead authority.  What makes this event unique is that 
it is a space event in notification, but response is a ground event in execution, probably led 
by DHS & State. 

- Downstream Actions?:  While it is known that NASA followed its procedure and notified 
State, NMCC, JSPOC, with 2008 TC3, it is unknown what each organization did with that 
information.  Players thought it was unlikely that a NEO event was captured in existing 
checklists/procedures.  It does not appear that something similar to a Missile Event 
Conference was convened based on notification.  Players wondered if knowledge of such 
an event constituted a reportable item to Russia under OPREP 3 reporting criteria. 

- SORTR/MOTR not Triggered: Players commented on the need for a process like the 
Maritime Operational Threat Response (MOTR), a pre-designated interagency telecom to 
derive tactical responses and policy determinations as needed in response to an actual 
operation to address interagency crisis response.  Players discussed that NASA 
communication of a potential impact does not currently trigger a Space Operational Threat 
Response (SORTR) or missile event conference. 

- Not Captured:  Players, including OSD and Joint Staff players confirmed that at present 
this event was not captured.  There are no procedures in DoD for this contingency, and no 
plan in existence to substantiate any action. 

- Similarity to Nuke in City:  Players felt that NORTHCOM plans for response to an 
improvised nuclear device in a city probably had the greatest resemblance, but that it was 
purely reactionary, after the event, whereas this scenario called for action beforehand, and 
action that would need to be adaptive and ad hoc. 
 

Players wrestled with the following: 
 

- Every hour counts: Time for action was already inside the timeframe to begin coastal 
evacuation preparations, and ñevery hour counts,ò but at time of notification, the error ellipse 
was so large that it included both Atlantic coasts, and a large swath of the CONUS as well 
as Africa. 
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- When will I know more?: A deficit identified in this workshop was the lack of models/tools 
for NASA to articulate to national decision makers when new information and observations 
would be available (windows of observation, types of observation), and how the error ellipse 
was likely to change over time. 

o 12 hr wait: Depending on response, it is likely officials would have to wait 12 hrs 
from initial discovery before they could get a more accurate impact prediction 

o Need to understand how error ellipse collapses:  Decision makers had a very 
serious need to understand how uncertainty would be reduced and when. 

- Greater Danger in Mishandling: There was greater danger in panic and a mishandled 
evacuation. 

o There was clearly a need for a single authoritative, credible spokesman 
o There was clearly a need for tools which would clearly communicate graphically and 

geographically the danger to decision makers and then to the public 
o Players requested that impact track/ellipses be overlaid on population density maps 
o There is a need for a capability to rapidly identify optimal critical evacuation paths 

- Local Authorities & Press banging at the door: While the Federal Government did not 
have any quality advice to give, the Media, States, and local authorities would be asking. 

- State & Local Officials wonôt wait for Uncle Sam: Local and State Authorities would be 
getting information from the media and would need to make decisions immediatelyðthe 
Federal Government emergency response would be in support to the Governors. 

- Must Balance Risk of Action and Inaction:  Failure to suggest a plan might result in rash 
actions by others and the presence of alternate ñauthoritiesò such as in the press.  
Suggesting a plan too early might create disruptive movement and counterflow. 

- Chasing own tail with false options: Players wasted significant time inquiring into 
technical options for literally last minute deflections that would have no hope of success. 

o Could MDA fragment it with ballistic missile interceptors?  No, this is equivalent to 
shooting a bullet at the mass of a car expecting to stop it 

o Could STRATCOM/AFSPC launch an ICBM to deflect?  No, ICBMs only have sub-
orbital capability and no required seeker-heads, but interceptions must occur much 
further away from Earth to allow any success at deflection. 

o Could STRATCOM/AFSPC launch an ICBM to disrupt it?  No, ICBMs only have sub-
orbital capability and no required seeker-heads, and a disruption this near impact 
would be too late to reduce the amount of mass hitting the biosphere, and would 
likely just ñmake radioactive rocksò with less predictability of where they would strike 

- Some players expressed concern that a system so open might be able to be spoofed.  
Discussion suggested that this could be possible, but only by a fairly sophisticated actor, 
and the openness also likely leads to rapid detection of the spoof attempt. 

- Another ñset of eyesò?: Players inquired about back-up/confirming calculation, and were 
informed there exists a similar capability in Italy (NEODyS), but it is not robustly supported. 

- Todayôs Military Eyes Canôt Help:  While AFSPC and NRO both possess assets (both 
ground and space-based) that in principle could provide additional observations to reduce 
uncertainty, they are not currently equipped with the necessary capabilities, such as the 
software required to detect and track objects not in Earth orbit. 

- Two Major Problems:  Participants felt there were two major concerns.  First, an immediate 
need to determine how soon, where, and when to notify every affected country, offer 
HUMRO assistance, and prepare federal agencies for homeland reaction.  Second, in the 
longer term, there was a need for a policy on how to respond, such as international 
agreements, at least with spacefaring nations, as well as for development of relevant 
deflection technologies. 

- International Partners?:  Some players felt that other spacefaring nations, particularly 
Russia would have significant capabilities to bring to any deflection effort. 



  Natural Impact Interagency Deliberate Planning Exercise 

 6.2-34 

 

As the players continued their deliberations, the following new information became available: 

 

Subsequent observations by NASA assets suggest that the object was in fact, a binary object 
consisting of a large body 250-300 meter, and a smaller object, less than 100 meters in size. 

 

 

Initial radar imaging confirmed that the asteroid is a binary body.  High precision orbit determination 
confirmed the potential for impact along the plane of orbital intersect. 
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The larger 270m body would release 1,000 Megatons TNT equivalent impact energy, while the 
smaller would release 10 megatons.  Torino scale was updated to 8, ñCertain collision with local 
destructionò for the smaller object. 

 

 
 
The smaller object would significant damage on land or on sea.  Mr. Johnson reviewed the blast 
and cratering modeling from the University of Arizona. 
 

 


